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Tho  turiiulent  heat.  flow  plays  an  inoortunt  rolo  in  tho  thermal  balance 
of  tho  surface  layor  atmosphoro  and  tho  THE  (Turbulont  Heat  Flow)  and  is  one 
of  least  studied  coranononts  of  the  thermal  balance,  which  is  dm  to  &  series 
of  difficulties  in  methods,  with  which  ono  is  confronted  ir.  such  measurements. 
*Jt)  to  the  present  time  tho  importance  of  TH-  hoo  boon  defined  generally  by  in¬ 
direct  not.  hod  a,  which  do  not  give  sufficiently  exact  results.  The  majority 
of  calculation  forouloo  have  bean  determined  with  on  accuracy  up  to  constant 
coofficionts  or  universal  functions,  *  ho  finding  of  which  is  possible  wily 
from  exoorinantal  data  on  direct  measurements  of  tho  TIP.  Direct  measure¬ 
ments  of  tho  TIP  are  based  or.  tho  uso  of  the  vroll-Vftown  equation. 

T*f>cr  T'W  - 

whore  q  =  TIP;  p  -  donoity  of  t.he  oir;  c  »  thermo-capacity  of  tho  air  at 
a  constant  pressure;  T'  or.d  W'  =  deviations  o<*  rospoctivoly  toreporature  and 
tho  vortical  component  of  tho  uind  velocity  from  their  moan  value;  the 
prime  indicates  an  averaging  in  timo. 

Such  measurements  wore  conducted  by  means  of  ilia  aimultar.oovis  recording 
of  the  instantaneous  values  of  sir  t  onneraturo  and  of  tbs  vortical  component 
o'*  wind  velocity  followed  by  n  laborious  processing  of  the  rosulto.  Either 
thorao-olomonts  ^  or  res  1st  once  thomometor3  ^  wore  employed  as  a 
tomooraturo  data  unit.  The  defect,  of  t-ho  measurement  systems  employed  was 
tho  need  for  froquont  zero  calibration  of  the  instrument,  caused  by  varia¬ 
tions  in.  tho  moan  air  toeperaturo  during  the  measurements.  For  naa suromonta 
of  tho  vortical  component  o f  wind  velocity  therr.o-anomonoters,  M  anemometers 
using  hooted  thonso-olamonta  and  othor  dovicos  v/ere  enployod.  The  basic 


doflcloncios  of  thoso  instruments  wets  the  non-linoarity  of  thoir  calibrated 


characteristics,  tho  relatively  Great  Inertia  end  dependence  of  calibration 
on  the  magnitude  nnd  direction  of  the  avarcco  wind  velocity.  The  non-lineor- 
ity  of  the  vertical  velocity  dota  units  renders  automation  in  the  calculation 
of  the  mean  product  difficult.  Tho  tine-consuming  nature  of  the  processing 
of  moasuronent  result,  recordings  gave  riso  to  a  limited  solectlon  of  experi¬ 
mental  data  and  a  small  averaging  period.  Thus,  in  work  M  the  averaging 
tie®  wca  30  seconds,  which,  os  will  be  shown  below,  is  insufficient. 

•  In  19f'7«i95P  et  the  Acoustical  Laliorntory  of  The  Institute  of  ^hysics 
of  tho  Atnoaphero  of  The  Academy  of  Sciences,  UPSR,  a  now  method  was  devisod 
for  the  diroct  measurement  of  the  TKr  and  preliminary  TH?  eeasurasonts  wore 
conducted.  Tho  general  dingrm  of  the  measurements  is  shown  in  figure  1. 

The  pulsations  of  tho  vortical  component  of  wind  volocity  V*  wore 
measured  by  means  of  an  acoustical  micro-anemometer,  ^  tho  operational 
principle  of  which  is  based  on  the  no asur orient  of  tho  propagation  time  of  a 
sound  wave  in  air  which,  U3ing  fixed  nic?or>hor.es  r.s  a  point  of  raferer.ee, 
is  in  notion.  Tho  micro-anemone  ter  has  two  2-millinoter  rodlators  and  two 
nicrophonos  similar  in  design.  In  ord3r  to  measure  W  the  radiators  and 
nicrophor.es  wore  placed  on  a  vertical  piano  at  e  distance  of  2.5  cn  one  from 
tho  other,  '"ho  frequency  of  tho  uninterrupted  supersonic  oscillations,  on 
which  the  mosuramonho  wore  conducted,  was  75-10Q  cps.  Tho  magnitude  and 
sign  of  W*  wore  dotorninod  by  tho  phase  shift  of  tho  audio  wsvo  roaching  tho 
microphone.  The  ooneitivity  of  tho  ai cro-anosorat or  is  9  cn/aoo  x  wind 
velocity  and  does  not  depend,  on  naan  wind  velocity.  Tho  output  voltage  is 
linearly  dopondent  on  the  wind  velocity  noacursd;  tho  range  of  tho  instrument 
is  *  2n/sec.  The  nicro-uneonoter  noaaures^ without  distortion,  wind  velocity 
pulsations  in  a  frequency  range  from  0-700  cpn.  foiso  generated  by  the 


instrument  itself  did  not  oxcood  (in  terns  of  wind  velocity)  1  cm/eec.  The  ' 
acoustical  circuit,  excluded  the  possibility  of  the  Influence  of  temperature 
pulsations  on  tho  wind  velocity  nassuranents. 

For  the  measurements  of  tenners tur a  fluctuations  e  pulsation  rcsistanco- 
type  thermometer  with  n  dnta  unit  in  tho  fora  of  &  20-micron  platinum  wire, 

20  nn  ir.  length  connected,  to  a  bridge  circuit,  vas  used.  The  time -constant 
of  such  a  data  unit  is,  according  to  ^),  in  the  orrinr  of  0.01  seconds. 
Parallel  to  ono  of  the  arms  of  tho  bridge  was  connected  a  thermo-resistor ' 
with  indirect  hosting.  -The  thomo-reaistor  is  heated  by  current  in  tho 
negative  feed -back -circuit  of  the  bridgo-unralance-voltegc-sicplifier*  An 
integrating  RC  circuit  with  large  time  constant  is  connected  to  the  negative 
feed-back  circuit.  Thanks  to  this  negative  feed-back  circuit,  the  thermo¬ 
meter  "zero'’  is  able  to  track  variations  in  the  average  air  temperature  in 
a  smooth  fashion  (with  a  tine-constant,  of  mor3  than  10*3  sec).  *hoa  measur¬ 
ing  tenners ture  pulsations  with  a  thermometer  of  this  kind  there  is  no 
longer  any  need  to  adjust  tho  instrument  during  measurements. 

Tho  maximum  sensitivity  of  the  thermometer  is  0.15°C/wir.d  (  velocity,, 
the  cnnlltv.de  characteristic  is  linear  (for  pulsations)  within  ^2°.  Thermo¬ 
meter  noise  ia  less  than  0.01°.  In  this  way  high  sensitivity  is  provided 
in  the  thermometer  to  pulsations  evor  a  broad  range  of  scan  temperature 
neaauranenta. 

The  voltages  ’.Jj  and  obtained  at  the  output  of  the  micro-anemometer 
and  tho  reals  tence-typo  t  liorncnotar  aro  proporti  onate  rospoctively  to  tho 
instantaneous  values  of  vertical  consonant  of  wind  velocity  U2  r  k^  Vf'  end 
to  the  temperature  pulsations  U-,  *  These  voltagos  reaoh  the  two  in- 


puts  of  A  corrolonatojj  an  electronic  device ,  on  the  output  of  which  current 
I. la  proportionate  to  the  product,  average  in  tirso,  of  the  two  input  voltages 
I  *  k^  U2»  This  current  is  measured  by  an  arrow-type  indicator,  the 
scale  of  which  nay  be  calibrated  directly  in  TK?  values*  q  »  1=  kj  W‘  T*.’ 

At  the  oonsitlvltios  indicated  above  for  the  nicro-anenomotor  and" 
puloation-thoraomoter  and  at  naxl»ra  sensitivity  of  tho  corroiorr-cter  tho 
nultiplying  factor  of  it3  output  device  was  0.02  cal/ca^x  uin.  Tho  product 
of  th9  instantaneous  values  U2  i3  averaged  with  r.n  integrating  RC  circuit 
with  a  tine  constant  of  100  seconds.  The  Ricro-ancmomoter  and  pulsation 
thcrracr.otor  data  units  wore  fastened  jointly  to  a  x-ouota  head  (Fig  2)  in 
such  a  way  that  tho  dist  once  between  tho  data  units  was  about  3  cm.  In 
Soptenber  1053,  a  cario3  of  direct  HI?  measurements  was  carried  out.  The 
noasuroments  wero  conducted  on  a  flat  area  700  x  600  motors  in  extent  on  on 
open  plain  end  wore  accompanied  by  temperature  and  wind  profile  measurements 
in  dtitudo.  On  tho  basis  of  tho  results  of  tho  grad ion t  measurements,  tho 
Richardson  nunbors  Ri  wore  calculated. 


.  Parallel  to  tho  T!!F  measurements,  there  wore  carried  out  naasurcaonta  and 
statistical  analyses  (by  aeons  of  spectrum  and  distribution 'analyzers, 
3pocially  designed  for  thaao  purposes)  of  tenporaturo  pulsations  and  wind  • 

•  volooity  components.  Tho  F3I3  valuo3,  obtained  as  a  result  of  tho  processing 
of  tho  pulsation  measurements,  for  fluctuations  in  temperature  ond  tho 
vortical  ccoponont  of  wind  velocity  ( j/ J),  together  with  tho  hoot 
flow  values  q  =  k  made  it  possible  to  calculate  tho  correlation 

cooffioiont 


Tho  heat  flow  va3  measured  alternately  at  height a  of  1  and  4  meters;  in 
all  360  measurements  of  q  wore  conduced  at  a  height  of  1  meter  and  SO  measure¬ 
ments  at  4  maters.  The  measurements  were  conducted  with  2-minute  intorvala. 

A  processing  of  the  measurement  results  showed  that  a  100-socond  averaging, 
to  which  each  individual  measurement  corresponds,  is  insufficient,  since  in 
this  case  tho  q  values  are  found  to  bo  unstable.  It  vas  discovered  that  in 
order  to  obtain  stable  q-values,  averaging  is  necessary  about  10  minutes, 
as  may  bo  seen  from  the  diagram  in  Fig  3. 

A  comparison  of  tho  correlation  coefficients  ry»«p  with  corresponding 
(in  time)  Ri  numbers,  which  is  shown  Fig  4,  indicates  that  ss  the  instability 
incroasos  (Ri — >  — CO)  the  correlation  v'?*  al30  rises.  Physically  this  is 
completely  understandable,  since  with  the  riso  of- instability  convection  . 
begins  to  play  an  ever  Greater  role  in  heat  transfer. 

Although  simultaneous  q  measurements  at  heights  of  1  and  4  meters  were 

not  conducted,  nevertheless  on  th9  basi3  on  the  results  achieved  it  nay  be 

said  that  q  values  at  those  two  heights  are  extremely  closo.  The  mean 

value  of.  t.he  relation  of  these  values  q. /q  ,  obtained  by  14  values  for  q.  and 

4  i  1 

measured  at  identical  times  of  the  day,  equals  1.  This  is  in  good  agree¬ 
ment  with  theoretical  considerations  from  which  it  follows  that  the  turbulent 
heat  'low  must  not  change  vritb  altitude.  Let  us  note  that  when  determining 
the  heat  flow  by  indirect  methods  differences  in  the  value  of  q  at  various 
heights  aro  quite  substantial. 
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Figure  3 


Figure  4 


Genoral  d-  agram  of  the  measurement  of  turbulent  heat  flow* 

1.  Pulsation  thermometer  data  unit.  ' 

2.  Kicro-anaaoxate?  data  unit. 

3.  Amplifier  and  aicro-enoxonctor  phaseoaeter. 

4.  Pulsation  tharncxater  amplifier 

5.  Correlox3ter 

P-enoto  head  of  nicro-aneraonetar  and  pulsation  thermometer. 

.  1 .  Microphones 

2.  Radiators 

3.  Pulsation  thermometer  data  unit 
Tine  path  of  THF  on  7  September  195& 

1.  100  second  averaging 

2.  10  minute  averaging 

Dependents  of  correlation  coefficient  rT  on  Ri  number. 
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